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Major taxa studied: Ants.










and	distance	 to	 the	nearest	 island),	but	not	 in	 the	Atlantic	 (annual	precipitation	 is	
a	 good	predictor	of	native	 species	 turnover,	 but	none	of	 the	variables	 considered	
in	our	study	explained	exotic	species	turnover).	No	signal	of	biotic	interactions	was	
detected	at	the	insular	community	level.
















novel	 environments	 (Hui	 &	 Richardson,	 2017),	 many	 have	 looked	
upon	island	ecosystems	for	additional	insights	into	invasion	ecology	
(Moser	et	al.,	2018;	Santos,	Field,	&	Ricklefs,	2016).	To	date,	stud‐





ships	 (Matthews,	 Guilhaumon,	 Triantis,	 Borregaard,	 &	 Whittaker,	





through	 the	 exchange	 of	 propagules	with	 established	 populations	
of	 other	 nearby	 islands.	 Insular	 assemblages	 composed	of	 species	









islands	 is	necessary	 to	understand	how	community	 assembly	pro‐
cesses	 affect	 insular	 biodiversity	 (e.g.	Carvalho	&	Cardoso,	 2014).	
That	is,	knowing	which	species	are	present	(species	composition	and	








ment	of	 introduced	 species	 (Hui	&	Richardson,	 2017).	 Isolation by 
distance	 (species	 turnover	 emerges	 from	 dispersal	 limitation	 and	
islands	 distribution	 –	 IBD	 hereafter;	 Wright,	 1943)	 and	 environ‐
mental filtering	 (species	 turnover	 reflects	 environmental	 gradients	





Pascual,	 Sanders,	 &	Hui,	 2016),	 studies	 revealing	 how	 changes	 in	






ies	 is	 that	widespread	 (i.e.	 spatially	 common)	 and	 rare	 species	 are	
often	driven	by	different	assembly	processes	(e.g.	Ulrich	&	Zalewski,	
2006).	 This	 urges	 researchers	 to	 differentiate	 compositional	 turn‐
overs	of	widespread	species	 from	those	of	 rare	species.	However,	
compositional	 turnover	 is	usually	computed	only	between	pairs	of	
sites	 using	 different	 indices	 of	 beta	 diversity	 (Baselga,	 2010),	 as	
exemplified	 by	Generalised	Dissimilarity	Modelling	 (GDM;	 Ferrier,	
Manion,	 Elith,	 &	 Richardson,	 2007).	 Such	 pairwise	 beta	 diversity	
captures	predominately	the	contribution	of	species	with	low	occu‐
pancy	(referred	to	as	rare	species	hereafter,	not	to	be	confused	with	







provides	 an	 information‐rich	 approach	 for	 teasing	 apart	 how	 the	
relationship	between	turnover	and	 its	covariates	changes	with	the	
spatial	commonness	and	rarity	of	species.
Using	 MS‐GDM	 and	 Generalised	 Additive	 Models	 (GAM;	
Hastie	&	Tibshirani,	1990),	we	explore	how	the	turnover	and	rich‐
ness	 of	 native	 and	 exotic	 ant	 communities	 differ,	 and	 whether	
these	patterns	are	driven	by	consistent	geographical,	environmen‐
tal	and	biotic	drivers	across	oceans.	The	comparison	of	these	driv‐





graphical	 variables,	 the	 turnovers	would	 also	 be	 correlated,	 sug‐
gesting	that	species	from	these	two	categories	have	similar	niches	
and,	therefore,	may	interact	through	indirect	interactions	such	as	
exploitative	 competition	 for	 common	 resources.	 Second,	 if	 the	
turnovers	of	native	and	exotic	ants	are	driven	by	different	sets	of	




















arately,	 we	 expect	 geographical	 variables	 (and,	 therefore,	 IBD)	 to	
better	explain	the	turnover	of	native	than	exotic	species,	as	the	dis‐
persal	of	exotic	species	has	often	been	facilitated	by	humans,	which	












Tsutsui,	 2010),	 it	 is	 unclear	 how	 that	may	 impact	 the	whole	 com‐
munity	and	if	there	should	be	differences	between	the	two	oceans.








islands’)	 (see	 Appendix	 S1.1	 for	 details	 on	 data	 acquirement	 and	
treatment).
Variables	 related	 to	climate	 (mean	annual	 temperature	and	an‐
nual	precipitation)	and	habitat	(using	island	area	as	a	proxy	for	hab‐
itat	 diversity),	 which	 have	 been	 shown	 to	 impact	 ant	 community	
composition	worldwide	 (Gibb	 et	 al.,	 2015),	were	 used	 as	 environ‐
mental	variables	(i.e.	as	EF	variables).	Distance	to	the	nearest	con‐
tinent,	 distance	 to	 the	 nearest	 island,	 the	 number	 of	 islands	 in	 a	
300‐km	radius	and	the	oceanic	currents	were	used	as	geographical	
variables	 to	characterize	 the	spatial	 isolation	of	each	 island	 (i.e.	as	
IBD	variables;	Appendix	S1.1).
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a	rich	area	will	tend	to	have	more	species	shared	by	multiple	sites),	
and	the	shape of the zeta diversity decline	provides	information	on	the	
structure	of	turnover.	A	steep	decline	of	zeta	values	at	 low	orders	





precisely	 compared	 using	 the	 zeta ratio ζn/ζn−1,	 indicating	 the	 rate	







where	a,	b and c	 are	positive	numbers,	 and	can	vary	 for	different	
ranges	of	zeta	orders	n	(i.e.	a	piecewise	function;	see	Appendix	S1.2	
for	 conceptual	 and	 computational	 details).	 The	 relative	 parame‐
ter	values	of	 the	exponential	 and	power	 law	components	 indicate	





2.3 | Drivers of multi‐site compositional turnover
Multi‐Site	 Generalised	 Dissimilarity	 Modelling	 (Latombe	 et	 al.,	





)	 changes	 with	 differences	 in	 environmental	 and	 geographical	
variables.	MS‐GDM	relates	𝜁n	 to	the	average	differences	 in	envi‐
ronmental	 and	 geographical	 variables	 between	 these	 n‐specific	
islands,	and	assesses	this	relationship	by	using	multiple	combina‐
tions	 of	 islands.	 It	 differs	 from	 the	 calculation	 of	 zeta	 diversity	












explanatory	 variable	 for	 the	𝜁n	 of	 exotic	 species	 in	 a	 second	 set	
of	analyses	 to	examine	 the	 influence	of	BI	 (see	Appendices	S1.3	














species	 is	 below	1,	 indicating	 a	 nearly	 complete	 species	 turnover,	












slope	 of	 I‐splines.	 The	 relative	 amplitude	 of	 a	 spline	 indicates	 the	
overall	effect	of	the	variable	on	zeta	diversity	relative	to	the	other	
covariates.	A	high	amplitude	for	environmental	variables	would	in‐
dicate	 that	 species	 distributions	 across	 islands	 are	 constrained	 by	
environmental	 heterogeneity	 (i.e.	 compositional	 turnover	 emerges	
from	 EF).	 A	 high	 amplitude	 for	 geographical	 variables	would	 indi‐
cate	 that	 species	 distributions	 across	 islands	 are	 constrained	 by	





















3.1 | Patterns of compositional turnover
The	Pacific	 and	Atlantic	Oceans	 present	 similar	 zeta	 diversity	 de‐














3.2 | Drivers of multisite compositional turnover
The	 environmental	 and	 geographical	 variables	 explained	 the	
turnover	 of	 native	 and	 exotic	 species	 equally	 well	 in	 the	 Pacific	
(.381	 <	 R2	 <	 .592,	 decreasing	 from	 zeta	 order	 2–5	 for	 natives;	
.325	<	R2	<	.523	decreasing	from	zeta	order	2–5	for	exotics;	Table	1;	
Figure	 3).	 In	 the	 Atlantic,	 the	 explanatory	 variables	 explained	 the	




other	 three	 categories	 (natives	 and	 exotics	 in	 the	 Pacific	 and	 na‐
tives	in	the	Atlantic),	exotic	species	turnover	is	not	explained	by	the	




For	 native	 species,	 the	 distance	 between	 islands	 is	 by	 far	 the	
main	driver	of	species	turnover	in	both	oceans	and	for	all	orders	of	
zeta,	as	shown	by	the	high	amplitude	of	its	I‐spline	compared	to	the	








































































































Native Exotic Native Exotic
Annual	precipitation 𝜁2−5 𝜁2−3 𝜁1−5 𝜁1−5
Mean	annual	
temperature
 𝜁1,4−5  𝜁4−5
Island	area 𝜁1 𝜁1 𝜁1 𝜁1
Distance 𝜁2−5  𝜁2−5  
Nearest	continent 𝜁1  𝜁1 𝜁1
Nearest	island 𝜁1−5 𝜁2−3  𝜁1
Number	of	islands	in	
vicinity
 𝜁1 𝜁1 𝜁4−5
Oceanic current  𝜁2−3   
Note: Distance	and	oceanic	current	were	not	used	as	explanatory	vari‐
ables	for	explaining	richness	in	the	GAM.















cluding	 the	 rarest	 species)	difference	 in	mean	annual	 temperature	
becomes	the	main	driver	at	high	temperature,	as	shown	by	the	sharp	
slope	 at	 high	 values	only,	 and	 the	 amplitude	 (the	maximum	value)	
of	 the	 I‐spline	 is	more	 than	 twofold	 compared	 to	precipitation.	 In	
all	cases,	the	splines	with	a	high	amplitude	also	have	low	variability	


















3.3 | Drivers of species richness
Insular	species	richness	was	well	explained	by	the	variables	included	



















positional	 turnover	 (Figure	2),	 there	are	 large	differences	between	
the	two	oceans	when	comparing	the	drivers	of	turnover	for	native	
and	 exotic	 ant	 species	 (Table	 1;	 Figures	 3‒5;	 Figures	 S2.6–S2.9),	
pointing	 at	 different	 community	 assembly	 processes	 as	 related	 to	
EF,	IBD	and	potentially	BI.	This	study,	therefore,	provides	refined	in‐
sights	into	the	drivers	of	biological	invasions	of	islands	and	highlights	





4.1 | Similar patterns but contrasting processes
Based	on	the	observed	patterns	of	zeta	diversity	declines	alone,	in‐
sular	ant	communities	in	the	Pacific	and	Atlantic	appeared	to	be	strik‐
ingly	 similar,	 both	 qualitatively	 and	 quantitatively.	 In	 both	 oceans,	
the	average	native	 richness	per	 island	was	higher	 than	exotic	 rich‐
ness,	due	to	a	few	islands	harbouring	high	native	biodiversity	(Figure	





The	error	bars	represent	the	standard	deviation	of	the	R2 over 30 
replicates.	Since	there	are	less	than	5,000	combinations	of	two	
islands	for	both	oceans,	no	error	bar	was	generated	for	𝜁2
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S2.2),	but	 islands	generally	shared	more	exotic	 than	native	species	
(Figure	2a,c)	because,	on	average,	exotics	are	more	widespread	than	





2	 indicates	 that	 certain	 native	 ant	 species	 co‐occur	more	 strongly	
























































































































Pacific native species Atlantic native species
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Despite	 the	 similarities	 in	 the	 zeta	declines	of	native	and	exotic	
species	for	both	oceans,	the	GAM	and	MS‐GDM	analyses	show	that	
the	patterns	of	richness	and	turnover	are	partly	driven	by	different	vari‐
ables.	 Consequently,	 considering	 only	 patterns	 of	 turnover,	without	
further	comparing	community	assembly	drivers,	could	be	misleading	
























































































































Pacific exotic species Atlantic exotic species
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to	understand	community	assembly.	 Island	area	was	the	main	driver	
of	 species	 richness	 for	 natives	 and	 exotics	 in	 both	 oceans	 (Figures	
S2.10	 and	 S2.11),	 as	 predicted	 by	 the	 Equilibrium	Theory	 of	 Island	
Biogeography	 (MacArthur	 &	Wilson,	 1967),	while	 precipitation	was	
important	for	species	turnover	 (Table	1;	Figures	4,	and	5).	However,	




orders	 ≥4,	whereas	 precipitation	was	more	 important	 in	 the	 Pacific	
for	both	natives	and	exotics	across	zeta	orders.	 In	contrast,	richness	
depends	 on	 temperature	 in	 the	 Pacific,	 but	 on	 precipitation	 in	 the	
Atlantic	(Figure	S2.10).	Different	variables,	therefore,	explain	richness	




it	 happens	 are	 often	 unclear	 and	 vary	 depending	 on	 the	 invading	
species,	the	characteristics	of	the	native	ant	community	and	other	
environmental	 variables	 (Cerdá,	 Arnan,	 &	 Retana,	 2013;	 Holway,	






largest	Pacific	 island,	with	 the	highest	native	 and	exotic	 richness).	






site‐specific,	 and	 hardly	 detectable	 at	 the	 whole	 metacommunity	
scale.	We,	therefore,	only	discuss	the	role	of	EF	and	IBD	below.










range	 of	 precipitation	values	 in	 the	Pacific	 islands	 (Figure	 S2.1).	This	





















Differences	 in	 environmental	 conditions,	 especially	 temperature	
and	 precipitation	 regimes,	 could	 be	 behind	 the	 contrasting	 strate‐
gies	used	by	exotic	species	in	the	two	oceans.	Climatic	conditions	are	







Atlantic.	 Exotic	 ant	 species,	 therefore,	potentially	 rely	on	other	 attri‐
butes	to	get	a	competitive	edge,	such	as	a	colonization	advantage.
4.3 | IBD: The competition–colonization trade‐off
As	expected,	geographical	variables	related	to	IBD	had	a	stronger	impact	
on	native	than	on	exotic	species	richness	and	turnover	in	both	oceans.	






which	 two	 islands	do	not	share	any	native	species	 (~7,000	km	 in	 the	
Pacific,	~4,000	km	in	the	Atlantic;	Figure	S2.5).	Difference	in	distance	
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difference	in	variance	explained,	and	by	the	small	effect	of	distance	













suboptimal	 abiotic	 environments	 and	 regardless	 of	 native	 species	
composition.	That	could	explain	the	 low	variance	explained	by	the	
environmental	and	geographical	variables,	even	when	using	native	
zeta	 diversity	 as	 an	 explanatory	 variable	 for	 exotic	 zeta	 diversity	
(Appendix	S5),	and	the	lack	of	correlation	between	native	and	exotic	






role	 in	 the	 relative	 strength	 of	 EF	 and	 IBD	 variables	 for	 explain‐
ing	 species	 turnover.	 Given	 the	 importance	 of	 dispersal	 between	
local	populations	for	the	structure	of	metacommunities	 (Leibold	&	
Chase,	2017;	Mouquet	&	Loreau,	2002),	the	centrality	of	an	island	
within	 an	 archipelago	 can	 be	 critical	 for	 determining	 its	 richness	
(Economo	&	Keitt,	2010).	The	Atlantic	islands	are	spatially	organized	
into	 three	main	 clusters	 of	 high	 density	 (the	Azores,	 the	Canaries	
and	 the	 Balearic	 Islands)	 but	 greatly	 separated	 from	 each	 other	
(Figure	 1;	 Figure	 S2.1h),	 potentially	 resulting	 in	 frequent	 dispersal	
and	exchange	of	propagules	within,	 rather	 than	between,	 clusters	
(Fisher,	2010)	–	this	in	turn	explains	why	each	cluster	has	a	distinct	
ant	assemblage	(Roura‐Pascual	et	al.,	2016).	This	spatial	organization	















lar	selection	pressure.	 In	contrast,	 the	Atlantic	 region	 is	drier	and	
colder,	which	may	have	 required	native	species	 to	adapt	 to	 these	
harsher	 conditions,	 and	 forced	 exotic	 species	 to	 rely	 on	 differ‐
ent	strategies	to	invade.	In	particular,	the	high	density	of	shipping	
routes	in	this	area	may	have	facilitated	the	dispersal	of	exotic	spe‐
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